Fremont cottonwood (Populus fremontii S. Watson) is the most important cottonwood species of the southwestern United States. It is usually found in riparian areas of desert riverine systems. Often it is the only tree species in such environments. Lack of Fremont cottonwood seedling recruitment is of concern in many areas. This is especially an issue in river systems infested with the exotic saltceder (Tamarix ramosissima Ledeb.). The proposed suppression of saltceder with a biological control agent, raises the question of the spontaneous recruitment of Fremont cottonwood seedlings if competition is reduced from exotic woody species.
dispersal the seeds of Fremont cottonwood are highly germinable. In each of the 3 years that seeds were collected multiple temperature regimes supported 100% germination. Optimum germination averaged over 90%. At moderate to high warm period temperatures, most germination that will occur does so during the first week after imbibition of moisture. Temperature regimes that supported optimum germination at least once ranged from 0/5° C to 25/40° C. The regimes that always supported optimum germination were in 2 distinct group: 2/25 and 2/30° C; and a wider dispersed group with 15, 25, or 25° C cold period temperatures and 25, 30, or 35° C warm period temperatures. There was one outlier at 10/15° C. Fremont cottonwood seeds are highly and rapidly germinable at a wide range of temperatures.
Key Words: Populus fremontii, temperature profiles, Tamarix ramosissima, seedbed temperatures Fremont cottonwood (Populus fremontii S. Watson) is the cottonwood of the southwestern United states (Sudworth 1908) . It is closely associated with desert riparian habitats. It is often the tree of riparian areas where streams and rivers extending out from mountainous watersheds into desert valley. Often Fremont cottonwoods form gallery forest over desert streams creating an arboreal environment in sharp contrast to the stark desert or regimented irrigated field that surround the woodland. Historically, the gallery forest often transect the primary sites for irrigated agriculture, ranching, and urbanization (Aspund and Gooch 1988) .
Fremont cottonwood reproduction usually is restricted to what has been described as a strand line environment (Siegel and Brock 1990 (Horton et al. 1960) . In commercial forest tree nurseries, cottonwood seeds were reported to have markedly reduced emergence if planting was delayed 2 days after harvest (Engstrom 1948) .
A major concern with the proposed use of biological control agents to suppress invasive populations of tamarisk is the probability of subsequent recruitment of seedlings of native woody species to form habitat for dependent birds. In a previous paper we reported on the germination of seeds of native willow (Salix sp.) species growing in tamarisk infested areas of the delta of the Walker River in western
Nevada (Young and Clements 2003) . The only other native woody species in the delta is Fremont cottonwood. Our purpose was to determine the germination of Fremont cottonwood seeds at a wide range of constant and alternating incubation temperatures. This is a first step in understanding the germination ecology of the seeds of this tree species.
Materials and Methods
Fremont cottonwood seeds were collected from splitting capsules as soon as seed Table 1 . Germination parameters calculated from quadratic response surfaces (Young and Evans 1982 In all experiments 4 replications of 25 seeds each were used in a randomized block design. Seeds were placed on top of non-toxic commercial germination paper in closed Petri dishes and kept wet with tap water. Germination trials were conducted in the dark. Incidental light was received during initial wetting and germination counts. Seeds were considered germinated when the radical emerged 1 mm. Germination counts were made after 1, 2, and 4 weeks. Constant incubation temperatures were 0, 2, and 5° C and at 5 degree increments through 40° C. Alternating regimes included 16 hours at each constant temperature, plus 8 hours at each possible higher temperature per 24 hours. For example, 35 C alternated with 40° C only, while 0° C alternated with 2, 5, 10, 15, 20, 25, 30, 35, and 40° C. This made a total of 55 constant and alternating temperature regimes (Young et al. 1991 ).
The germination responses of the accessions of Fremont cottonwood were compared using the following seedbed temperature regime definitions (Young and Evans 1982) a. Very cold: 010 (constant 0° C), 0/2 (0° C for 16 hours and 2° C for 8 hours in each 24 hour), 0/5 and 212° C. , 1972 .
Data from each base temperature and its alternating temperature regimes were used to generate a quadratic response surface with estimated means and confidence intervals at the 1% level of probability (Young et al. 1980 , Evans et al. 1982 , Palmquist et al. 1987 . A number of germination parameters were calculated from the quadratic response surfaces (Table 1) (Young and Evans 1982 
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Number following the mean is one half of the confidence interval as determined from regression equations used to develop response surface (Palmquist et al. 1987 (Young and Clements 2003) .
Mean germination of the profiles and number of regimes supporting germination for the 3 years of testing did not significantly (P > 0.01) differ ( For seeds produced in 2000 and 2001, over 50% of the temperature regimes supported optimum germination (Table 3) . Our definition of optimum germination is not lower than the maximum observed minus one half of the confidence interval (P > 0.01). In all years the optima averaged over 90%. In all 3 years the maximum observed germination was 100%.
The categories of seedbed temperatures which we use were developed for terrestrial seedbeds during the late fall or early spring germination period . Fremont cottonwood seed germination has to occur soon after dispersal in late May and early June. It is doubtful that very cold seedbed temperatures would occur during the germination (0, 2, 0/2, and 0/5° C). Freezing night time temperatures are possible, but not probable. The 2000 averaged 70% germination at these temperatures and had 30% germination at 0° C (Table 2 ). The seeds collected in all 3 years had very high germination at the cold category of seedbed temperatures (Table 3 ). The seeds collected in 2000 that had very high germination at very cold and cold temperatures had significantly (P > 0.01) lower germination at warmer seedbed temperatures (Table 3) . Fremont cottonwood seeds combine the requirement to fall on a moist seedbed with a very short viability half life. This makes speed of germination an important parameter. During the first week of incubation with 0 to 5° C cold period temperatures the warm period temperatures had to be 15 ° C or above to produce 50% of the total germination observed with 4 weeks (Table 4) . A constant 10° C would also produce above 50% of the observed germination. To get above 90%
of the observed germination in the first week the cold period temperature had to be 10 through 20° C alternating with at least 20° C or any cold period temperature alternating with 25° C. To reach 100% of the observed germination in the first week cold period temperatures had to be 10° C or above and the warm period temperatures in the 35 or 40° C categories. In interpreting these results it is important to remember the data is presented as the percentage of the total observed that occur in the first week of incubation. For example a 25140° C temperature regime had 100% of the observed germination in the first week (Table 4) , for the seed collected in 2000 the total germination was only 12%.
A 0/10° C incubation temperature had only 17% of the total observed germination in the first week (Table 4) , the total germination for 2000 seed after 4 weeks was 100% (Table 2) . At high temperatures during the warm period, the germination you are going to observe happens very quickly, but it is not necessarily high germination.
During the second week of incubation germination at the higher incubation temperatures was minimal and sporadic (Table 5 ). An exception was 0/40 and 2/40° C where about two thirds of the total observed germination occurred during the first week and one third during the second week of incubation (Table 4 and 5). The low cold period temperatures alternating with cool warm period temperatures had moderate amounts of their total observed germination during the second week of incubation (Table 5) . Only a constant 0°C had all the observed germination during the third and fourth weeks of incubation (Table 6 ). Smaller amounts of germination occurred for the cooler incubation temperatures. These results indicate that with moderate to high warm period temperatures, most of the germination of Fremont cottonwood seeds that will occur does so during the first week after they imbibe moisture, even if cold period temperatures are quite cold.
With so many temperatures supporting optimum germination it is expected that the frequency of optima would be spread over a wide range (Table 7) . Temperature regimes from a cold 2/5° C to a warm 25/40° C supported optimum germination at least once. The regimes that always supported optima were found in 2 distinct groupings. The first was 2/25 and 2/30° C ( Table 7) . The second group was 20/25 and 20/35° C, 20/30° C, and 30° C. There was one outlier at 10/15C. With the exception of the outlier, the warm period temperature had to be 25 or 30°C.
Viability, dormancy, and speed of germination do not appear to be limiting for germination of Fremont cottonwood seeds from the Walker River delta populations.
This information reinforces the need to understand the moisture relations of available seedbeds during the seed dispersal period to understand the limiting factors for Fremont cottonwood seed germination.
